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In t roduc t ion  

I n  o rde r  t o  reduce p r e i n j e c t o r  down t i m e ,  a convent ional  pulsed 

quadrupole doublet  has  been designed and cons t ruc ted  as a replacement 

f o r  t h e  s e p t i e r  quadrupoles used i n  both Linac p r e i n j e c t o r s .  

quadrupoles have proven t o  be extremely r e l i a b l e  because of t h e i r  

simple mechanical cons t ruc t ion  and low ope ra t ing  power requirements.  

In add i t ion ,  a much h ighe r  q u a l i t y  f i e l d  has  been obtained wi th  t h e  new 

quadrupoles.  

These new 

Quadrupole Parameters 

A comparison of ope ra t ing  parameters i s  as fo l lows:  

S e p t i e r  Quads New Quads 

Ope r a t i n g  Current (Pulsed 1 200 Amps 40 Amps 

Res is tance  0.155 Ohms 0.130 Ohms 

Operating Voltage 40 V 60 V 

Inductance 1.5 mh 2.5 mh 

Power 
Gradient  a t  Operat ing Current  400 G / c m  400 G / c m  

6,200 W x D cyc le  210 W x D cyc le  

(duty cyc le  i s  equal  f o r  both quads)  
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Construct ion 

Quadrupole c o i l s  were cons t ruc ted  of 0.100" diameter copper w i r e  

w i t h  0.002" t h i c k  Kapton i n s u l a t i o n .  The t o t a l  number of t u r n s  re- 

qu i r ed  for one quadrupole was 140 (35 t u r n s  p e r  po le) .  In orde r  t o  

avoid bu i ld ing  expensive c o i l  winding f i x t u r e s ,  c o i l s  w e r e  wound as 

shown on Figure  4 ,  i n  t h e  upward d i r e c t i o n  only.  P l a s t i c  i n s e r t s  equal  

t o  t h e  th i ckness  of t h e  c o i l  w i r e  were used t o  e l i m i n a t e  uneven c o i l  

s i d e s  in t roduced  by w i r e  cross-overs from top  t o  bottom. One cross-  

over  on each s i d e  of t h e  c o i l  w a s  requi red .  Each c o i l  w a s  epoxy im-  

pregnated and lashed  wi th  1" wide g l a s s  c lo th .  

F igure  1 i l l u s t r a t e s  cons t ruc t ion  of t h e  quadrupole i r o n .  The 

magnet yoke and po le  t i p s  were machined from epoxy pa in t ed  0.031" 

t h i c k ,  7" square lamina t ions  backed by two 0.100" t h i c k  low carbon 

s teel  p l a t e s  and h e l d  toge the r  w i t h  3/16 diameter  x 2-3/4 long  s t a i n -  

less steel rods and 86-32 f t .  hd. screws. I n  a l l ,  83 lamina t ions  were 

used w i t h  nominal 0.002" t h i c k  epoxy l a y e r  between them. Pole  t i p s  

w e r e  machined from t h e  plug cu t  ou t  from s tacked  lamina t ions  as shown 

on Figure  1. Pole  t i p  dimensions and t h e i r  shape are shown on Figure  

2. Assembly of back i r o n  and po le  t i p s  i s  i l l u s t r e d  on Figure  3. 

Magnet Deisgn and Measurements 

The po le  p r o f i l e  f o r  t h e s e  magnets has  been adapted from t h e  LESB 
1 I1 l 2 Q l 2  quadrupoles and from Brookhaven "narrow quadrupole" s t u d i e s .  

The c o i l  s l o t  dimension has  been chosen such t h a t  t h e  i n t e g r a l  e f f e c t  

of t h e  f irst  harmonic of t h e  quadrupole (68/20) i s  e s s e n t i a l l y  zero.  

F i e ld  harmonics have been measured a t  75% of t h e  po le  t i p  r a d i u s  and 

are < 0.1% except  f o r  t h e  l00/20 t e r m  which i s  0.6% and agrees  wi th  t h e  

s c a l i n g  p red ic t ion .  
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Conclusion 

Initial tests indicate some increased Linac performance. A pro- 

gram of emlttance measurements is being initiated in order to quantify 
this effect. 
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